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Observations on the Feeding Biology of Some 
Collembola Under Laboratory Conditions 


By 


J. CsuTÁK* 


Introduction 


For a long time past, many studies have been conducted on the role of soil 
animals in the process of litter breakdown and humus formation. Nevertheless, 
there aro still some problems to bo clarified. 

It is now agreed that litter inhabitant Diplopods and Isopods have an im- 
portant role in the breakdown of litter (DupıcH, BaLocH and Loksa, 1952; 
Duncer, 1956; 1958; 1964; GERE, 1956; 1959; 1963; BALOGH, 1958; EDWARDS 
and HEATH, 1963; VAN DER DRIFT, 1964; NaAcLITSCH, 1965; KEvaw, 1967; 
STRIGANOVA, 1959; 1971; EDWARDS, REICHLE and CROSSLEY, 1970; McBnAYER 
and REICHLE, 1971; ANDERSON, 1973). It is also known that Lumbricidae 
(KrvAN, 1967; Zicst, HARGITAI and Ponozsny, 1970; Loksa and Zıcsı, 1972; 
Vier, 1974), as well as dipterous larvae (PEREL, KARPACHEVSKY and YxEGO- 
ROVA, 1971) have a special role in the humification of litter. However, this does 
not apply so unambiguously to micro- and mesofauna of the soil. Some authors 
are of the opinion that in the humification of litter the mesofauna plays a 
similar role to thet of the macrofauna (DupicH, BALOGH and Loxsa, 1952; 
BALOGH, 1958; HARTENSTEIN, 1962; MCMILLAN and HEALEY, 1971; GERE and 
GYURJAN, 1972; SzENTKIRÁLYI, 1972). However, the roleoftho mesofauna may 
be secondary, as these animals do not directly consume litter leaves but the 
fragmented leaves previously contaminated with the excrements of larger 
soil arthropods (DuxaER, 1956; 1964; BALOGH, 1958; POOLE, 1959; NAGLITSCH, 
1965; GERE and GYURJAN, 1972). 

According to McBRAYER and REICHLE (1971) about 60% of the soil meso- 
fauna belong to fungal feeders. In addition to, other authors reported, that 
Collembola and soil mites fed on fungi and bacteria (DupDIcH, BALOGH and 
Loxsa, 1952; DuxcEn, 1956; Poon, 1959; HARTENSTEIN, 1962; Kevan, 1967; 
KNIGHT and ANGEL, 1967, SINGH, 1969; COLEMAN and McarxNiS, 1970; BÓóp- 
VARSSON, 1971; McMILLAN and HEALEY, 1971). ENGELMANN (1961) reported 
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that Oribatids feeding on fungal mycelia stimulated the productivity of fungi, 
which indirectly promoted the decomposition of litter. 

The present work is aimed to assess the role of Collembola in the metabolism 
of the forest soil. Naturally, it was impossible to deal with all the collembolan 
species present in the ecosystem under investigation at once. Thus I selected 
two predominant species, namely Folsomia quadrioculata TULLB. and Onychiu- 
rus subcancellatus Gistn for my examinations. 

Three kinds of the naturally present food were made available for the Col- 
lembola in the experiment: litter leaves, fungi and excrements of macroarth- 
ropods. There is no doubt, that under natural conditions, Collembola have a 
wide opportunity to feed on other food materials, still, the three kinds of food 
selected for the present investigation seem the most significant ones. 

So that exerements of macroarthropods could be ensured, Collembola was 
reared in the laboratory together with the Diplopod Chromatoiulus projectus 
VERH. The Diplopod was also reared alone. Thus, if there was a difference in 
weight of the diplopodan exerements, then one could conclude that Collembola 
had consumed it. 


Matherial and methods 


Collembola and Diplopoda were collected from a hornbeam — oak mixed forest 
near Szendehely (about 50 km. north-east of Budapest). The soil of this forest 
is brown forest soil infiltrated with clay. Its botanical characters were described 
by Is&py(1974). 

Rearing was conducted in unglazed earthen pots (5 cm. in diameter and 5 
em. in deep). Known weights of freshly fallen air-dried hornbeam leaves (Carpi- 
nus betulus) were placed into the pots. The leaves were selected to be of identical 
size and colour. Before placing the experimental animals into the pots, tho 
leaves were moistened with distilled water. The pots were then covered with 
nylon nets of small mesh size (175 micron), to prevent the escape of the ani- 
mals. The rearing pots were placed in a large vessel containing sand. The sand 
was kept damp by spraying with water every two or three days. GERE (1959; 
1962) pointed out that rearing in plant pots creates a good microclimat, as air 
and moisture can easily diffuse trough the pores of these pots. 

The pots were kept in the laboratory for 30 days at a temperature of 8 — 11 °C. 

Three experimental series were conducted. Ih the first one both species of 
Collembola, namely F. guadrioeultn and O. subcancellatus, were placed into 
separate rearing pots. The number of individuals placed in the pots ranged 
between 10 to 40, so that the relationship between loss in litter weight and 
the number of individuals could be assessed. 

In the second series 1 to 4 individuals of the Diplopod C. projectus, wore put 
alone in separate pots. Here the loss in litter weight as well as the quantity of 
excrements produced were estimated. It is worthy to noto that the quantity of 
excrement produced in this series of the experiment is used as control for the 
following experimental series. 

In the third experimental series 1 to 4 individuals of C. projectus and 10 to 40 
individuals of O. subcancellatus were placed together into the same rearing pot. 
At the end of the experiment the loss in litter weight and the produced excre- 
ments of Diplopods were determined. 
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By comparing the results if the aboce experimental series some idea may he 
formed about the feeding preference of Collembola i. e. wether it prefers feeding 
on leaf material or the excrements of Diplopods. 

Another set of experiments was conducted to assess the role of microorga- 
nisms in the breakdown of litter leaves, and to be used as control. Thus a konwn 
weight of leaves was placed into the pots without animals. Unfortunately, by 
this set of experiments I was unable to determine the consumed fungi present 
on the surface of leaves. 

The gut content analysis was also performed for Collembola. The individuals 
were placed into 75% ethyl alcohol, then cleared in lactic acid for 2 to 3 days. 
The gut was dissected out on a slide and squashed under a cover slip. 'The gut 
content was then examined microscopically. 

Three parallels were conducted for each serios of experiment and the mean 
values were calculated. 


Results 


Table 1 shows the litter breakdown due to Onychiurus subcancellatus. From 
this table it is clear that the litter loss values do not show higher values than 
those of the controll experiment (where only litter was placed into the pots). 
Bosides, there is no realationship between the number of individuals and the 
quantity of litter lost. 

In the case of Folsomia quadrioculata, altouzh the quantity of litter lost is 
small, there is a certain directly proportional relationship between the number 
of individuals and the loss of litter leaves (Table 2). 

The data of litter breakdown due to Chromatoiulus prejectus are presented 
in Table 3. From this table it is apparent that the quantity of litter lost is 
directly proportional to the number of individuals and hence to the quantity 
of excrements produced. The quantity of litter consumed by 1 individual of 
Chromaioiulus projectus was found to be 2,16 mg/day. GERE (1959), in his 
experiments with light-brown and dark-brown oak leaves, estimated the quan- 
titv of leaves consumed by 1 individual of Diplopoda to range between 
1,01—2,37 mg/day. 

Table 4 presents the breakdown of litter by C. projectus and O. subcancellatus 
together, as well as the quantity of excrements produced by the Diplopods. 
If these data are compared with those in Table 3, it appears that the quantity 
of consumed leaves is directly proportional to the number of individuals, 
This may be attributed to the activity of the Diplopods. Similarly, one can 
notice increase in the amount of excrements produced by Diplopods. However, 
it should be mentioned here that the absolute quantity of excrements is less than 
in pots containing only Diplopods (Fig. 1). 

Table 5 shows the loss in litter weight due to microorganisms only (in pots 
without animals). This, by extracting these values of litter loss from those 
obtained in pots containing animals obtains tho litter loss only due to the ani- 
mals. 

In Table 6 the results of the gut content analysis of Collembola are shown. 
Three coliembolan population were examined: the Folsomia population, the 
Onychiurus population without Diplopods and the Onychiurus population 
renred together with Diplopods. From the first two columns in this table it is 
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Excrement of Chromatoiulus 


/gr./ Ü)Chromatoiulus 
Bllonychiurus « Chromatoiulus 
0,50 
0,00 


1 1+10 2 2420 4 4440 Number of individuals 


Fig. 1. The quantity of diplopodan exerements in the two sets of experiment 


clear that at the end of the experiment about one half of the studied population 
showed filled guts. My results coincide with those of BODVARRSON (1970). 
The materials contained in the gut were: 7. Fungal mycelia were present: 


a) only in traces, b) in largo quantity in the gut. — 2. Fungal spores. — 3. High- 
er plant material (litter fragments) was prepresent: a) only in traces, b) in 
large quantity in the gut. — 4. Unidentifiable amorphous material. 


The percentages of the individuals containing the above mentioned materials 
in their guts shown in the further columns of Table 6. I 

The analysis of the gut content revealed that the fungal mycelia were the 
most significant elements present. These results are in agreement with those 
obtained by other workers (c. g. Poorg, 1950; Kxicir and Acer, 1967; 
Bópvanssow, 1970: McMirbANN ana TRALEY, 1971). GILMORE and RarrENs- 
PERGER (1970), in a similar gut content analyses, estimated the quantities of 
Jitter and huinus in large collembolan species. 

When comparing the results obtained by the gut content analvsis in the 
case of Folsomia with that of Onychiurus (reared without Diplopods) it is 


Weight. of 


Weight of 


! 


Table 5. Loss of weight in litter due to microbial activity (control) (in grams) 


! 


I : , loj: Voj 
a air dried litter completed tveight of Weight ot | Loss in . 
Number , | dried litter air dried completely | x | Mean values 
nt the | : R Ë weight due ! 
of bean; at the litter at the | dried litter ao. of the parallel 
| beginning of PE | to microbial 
samples beginning end of the at the wo samples 
| the f RS MD activity 
|-isperiment of the experiment | experiment | 
| °P | experiment | | 
1 1,0917 | 1,0262 | 1,0673 1,0032 0,0230 
| 
2 1,0826 1,0176 | 100421 | 6,9195 0,0381 0,0351 
3 1,0713 1,0070 | 1,0244 | 09,9627 0,0443 
| | 


found that the quantity of fungal mycelia in the gut of Folsomia was much 
less than in Onychiurus; on the other hand there are much more litter fragments 
than in Onychiurus. This coincides with the results obtained dealing with litter 
breakdown data of the two collembolan species (Table 1 and 2), and indicates 
that Folsomia quadrioculata contributes little in the disappearence of litter, 
while Onychiurus subcancellatus has no role in this process. 


Table 6. Results of the gut content analysis of three collembolan populations 


! 
Large 3 z 
% of Col-| o Few Small Large | Unidenti- 
lembola % of Col- fungal amount Fungal quantity | amount fiable 
Popula- : lembola š of fungal | spores in : : 3 ; 
£ with : mycelia ; of litter in) of litter | material 
tions with full |. mycelia | the gut š : 
empty ut in the gut n tkesati content thegut |in the gut in the gut 
gut B content Bu content | content | content 
content 
L 
Folsomia 54,7 45,83 19,5 37,6 1,2 15,6 7,7 88,4 
Onychiu- 
rus 1 46,05 53,95 7,2 42,5 — 3,7 5,2 81,4 
Onychiu- 
rus 2 42,77 57,22 8,1 36,2 1,2 4,4 10,2 79,9 


If the results of the gut content analysis of the two Onychiurus populations 
(reared with and without Diplopods respectivelv) are compared, it can be 
observed that the gut of Onychiurus reared with Diplopods contains more litter 
fragments than that of Onychiurus reared without Diplopods. Probably, the 
litter consumed by Diplopods is discharged with their excrements. This supports 
the results of feeding Collembola and Diplopoda together which show, that in 
this case the excrements of Diplopoda are much smaller in quantity than that 
in of Diplopods reared alone (Fig. 1). 


Discussion 


As mentioned above, the aim of the present work is primarily to trow light 
on the feeding habits of two predominant collembolan species from a hornbeam- 
oak woodland. There are numerous different opinions of many authors on the 
feeding habits of Collembola. Poor (1959) stressed that Collembola are not 
specialized feeders, since thev can consume any food material available to 
them. 

t is apparent the results obtained that both species of Collembola under 
investigation preferred feeding on fungal mycelia to leaf litter. This preference 
was especially noticable in the case of Onychiurus subcancellatus. Folsomin 
quadrioculata plays a smal! role in the breakdown of litter. 

A small amount of Diplopoda excrements was consumed also by Onychiurus 
reared together with Diplopods, while it consumed a larger amount of litter 
than the individuals reared alone. Inspite of this, Onychiurus su! sancellatus 
prefers fungal mycelia to Diplopoda excrements. 

By wav of conclusion one can state that the two investigated euedaphic 
collembolan species are pimarily fungal feeders. 
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Naturally, these results cannot be generalized for all Collembola, especially 
not for the large-bodied epiedaphic species. 

It should be mentioned that leaves in a more advanced stage of decay may 
be preferred to those in an initial stage of decay, as were selected for my expe- 
riment. 
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ZUSAMMENFASSUNG 
Laboratoriumsbeobachtungen der Ernührungsbiologie der Collembolen 


Die unter Laboratoriumsverhältnissen durchgeführten ernährungsbiologischen Untersuchung- 
en bezweckten, um festzustellen, welche von den unter natürlichen Umstiinden uns zur Verfü- 
gung stehenden drei Hauptnahrungsquellen (Fallaub, Makrofauna-Exkrement, Pilzfäden) die 
in cinem Hainbuchen-Eichenwald in großer Zahl lebenden Arten Folsomia quadrioculata und 
Onychiurus subeancellatus (Collenibola) bevorzugen. In den Untersuchungen standen diese drei 
Nahrungsquellen der beiden Collembolenart zur Ver(ügung. Das Makrofauna-Exkrement lie- 
ferte Chromatoiulus projectus. 

Aus dein Experiment ging hervor, daß beide Arten im Gegensatz zu den übrigen Nahrungen 
vor allem die Myzelien der Mikropilze bevorzugt haben, dann folgte das lixkrement der Makro- 
fauna und erst zuletzt das Fallaub. Folsomia quadrioenlata verzehrte in ei was größerer Menge das 
Fallaub, als Onychiurus subcancellatus. Es muß jedoch in Betracht gezogen werden, daß das zu 
den Versuchen benutzte Fallaub zu Beginn des Winters eingesammelt wurde und deshalb die 
Ergebnisse nur für das in der Anfangsphase des mikrobiologischen Abbaues befindliche Fallaub 
eine Gültigkeit haben. 
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